PANEL ANTENNA WITH VARIABLE PHASE SHIFTER 



DESCRIPTION 

BACKGROUND 

[Paral] Field of the Invention 

This invention relates to a cellular base station communication system and 
more particularly to a panel antenna having a compact stackable variable 
phase shifter. 

[Para 2] Description of Related Art 

Differential variable phase shifters introduce a desired phase shift between RF 
energy split between two or more outputs. Differential variable phase shifters 
are useful, for example, as components in the electrically variable beam 
elevation and or azimuth scan angle antenna systems of cellular 
communications base stations. The desired phase shift is typically obtained by 
modifying the electrical path required to reach each output with respect to the 
other output(s). To adjust the electrical path in one common design approach, 
a transmission line conductive arc has an associated wiper, pivoted at the 
center of the arc, which is moved along the surface of the arc, apportioning the 
length of an electrical path from the wiper input to either end of the 
conductive arc depending upon the position of the wiper along the conductive 
arc. 

[Para 3] The wiper has a conductive component to transmit the input signal 
to the conductive arc. In typical prior art differential phase shifters of the 
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capacitive pivoted wiper type, a non-conductive dielectric element is used 
between the conductive arc and wiper conductive component to reduce inter- 
modulation distortion (IMD). 

[Para 4] As will be described below, the wiper may be an arm composed of 
metal; in that approach the arm comprises the wiper conductive component. 
The dielectric element in the metal wiper design arrangement is typically a 
dielectric shim, for example. 

[Para 5] Or the wiper alternatively may comprise, e.g., a microwave quality 
dielectric material having a conductive trace on its surface facing away from 
the conductive arc and groundplane behind the arc. If the spacing between the 
wiper conductive element and the conductive arc varies significantly as the 
wiper is pivoted along the conductive arc, the capacitive coupling between the 
two conductors will vary, causing undesired variations in both reflected and 
transmitted energy. 

[Para 6] The spacing variations may be caused, for example, by the wiper 
being coupled too loosely to the conductive arc. On the other hand, if the 
wiper is pressed too firmly against the trace, the wiper may bind or require 
excessive force to move. 

[Para 7] In addition, some method of transferring motion to the wiper from a 
point external to the phase shifter is needed to allow remote adjustment of the 
wiper location along the conductive arc. The remote adjustment linkage device 
is preferably non-conductive in nature so as to avoid distorting the EM fields 
in the phase shifter and to avoid generating IMD. 

[Para 8] In the current art these various functions of providing mechanical 
wiper support and remote position adjustment are accomplished with multiple 
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parts which undesirably increase the size, cost, complexity, and reliability of 
the overall structure. In one embodiment alluded to above, the conductive arc 
and wiper are formed of cast, stamped or formed metal. Non-conductive 
spacing shims or sheets are used to improve IMD performance. Additional 
non-conductive plastic parts are typically added to connect the wiper to the 
remote adjustment linkage device. Additional non-conductive fasteners and/or 
spacers are typically used to support the arc and metal wiper and to hold them 
in close contact. 

[Para 9] In another embodiment mentioned above the wiper body is a 
substrate composed not of metal, but rather of a dielectric material, and the 
wiper conductive component is formed as a conductive trace upon a dielectric 
substrate. The trace is located on the substrate surface facing away from the 
arcuate conductor. Because the wiper conductive component comprises part of 
the transmission line to the radiating elements, in this prior art approach the 
dielectric wiper body must be composed of a microwave-quality dielectric 
substrate such as PTFE or PTFE-ceramic glass fiber laminates. Such 
microwave-quality substrates are electrically distinct from standard printed 
circuit board (PCB) substrates such as epoxy-glass in two ways. They exhibit 
much lower insertion loss at RF frequencies and they exhibit much tighter 
tolerance in their dielectric constant. Depending upon the electrical 
characteristics and uniformity required, microwave-quality substrates may cost 
between 3 to 1 00 times more per square foot than standard printed circuit 
board substrates. 

[Para 1 0] Using a PCB substrate for the wiper element has a number of 
advantages. The first is that the dielectric substrate can be used as the non- 
conductive layer between the arc conductor and wiper conductor. The second 
is that the wiper substrate, being non-conductive, can be extended beyond the 
phase shifter to act as a lever arm for connecting the wiper element to a phase 
shifter adjustment linkage external to the phase shifter. 
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[Para 1 1] However, if the dielectric substrate is located between the arc 
conductor and the wiper conductor, then it must be of microwave quality. This 
causes several problems. One is that extending the wiper substrate to attach 
to the linkage is not economically desirable due to high cost of the material 
relative to other plastics. Secondly, most microwave-quality substrates lack the 
structural stiffness required for use as a mechanical support member. 
Therefore, most implementations that utilize microwave-quality substrates 
add additional mechanical elements, such as bars or springs in order to 
maintain the proper spacing between the arc conductor and wiper conductor 
and to provide the necessary structural support for the wiper. 

[Para 1 2] "Antenna System", US Patent No.: 6,573,875 issued June 3, 2003 to 
Zimmerman et al, hereby incorporated by reference in the entirety, describes a 
phase shifter implementation upon the back plane of a cellular base station 
radiator array antenna using microwave quality substrates for the wiper as 
described herein above. To adjust the phase between five radiator clusters of 
the antenna, two separate phase shifter modules with a common adjustment 
linkage are applied. Each five output phase shifter module is adapted for 
minimum front-to-back thickness (height) to allow the host antenna to have a 
minimum height profile for reduced wind loading and improved visual impact. 

[Para 1 3] Reductions in wind loading allow an overall reduction in the 
structural requirements of the antenna system as well as those of the 
mounting hardware and support structure, thereby reducing overall costs. 
Visual impact is an important consideration due to growing public resistance 
to the addition of obtrusive antenna structures to existing buildings and or 
installation of new antenna towers on esthetic grounds. 

[Para 1 4] Resulting antenna thickness prevents desired use of a single 
centrally located stacked phase shifter assembly. To achieve the desired 
minimum thickness or height of the overall antenna, individual phase shifter 
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modules with five outputs each are placed end to end and linked together by a 
common mechanical linkage adapted to be as thin as possible. As a result, the 
phase shifters take up a significant portion of the antenna backplane surface 
area. Cabling from the phase shifter outputs to each of the desired radiator 
clusters is manufactured with identical lengths of coaxial cable for 
manufacturing and design simplification whereby further phase adjustments 
do not occur after the phase shifter(s) because the final connection to each 
radiator has an identical length, i.e. the length of the longest path. However, 
because the phase shifter(s) are covering a large portion of the antenna back 
plane, the longest path from each phase shifter module is significantly 
increased. Also, because the mechanical linkage must extend to each wiper 
arm, the mechanical linkage includes a plurality of individual components such 
as link arms and fasteners. 

[Para 1 5] Other antenna systems incorporating phase shifters have stacked 
phase shifter printed circuit boards upon each other and combined arc traces 
with a common wiper arm to reduce linkage complexity and the longest length 
of the interconnecting radiator cables. However, the stacked configurations 
significantly increase the overall thickness or height of the resulting antenna 
and enclosing radome. 

[Para 1 6] Another prior configuration applies a stacked wiper configuration 
positioned on the radiator side of the backplane. This configuration may 
reduce the overall thickness or height of the antenna but may cause anomalies 
in the antenna radiation pattern(s) as well as increases in linkage complexity 
and or the total number of required manufacturing operations. 

[Para 1 7] Competition within the antenna system and phase shifter markets 
has focused attention also on improved electrical performance, reliability, ease 
of use and materials and manufacturing operations costs. 
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[Para 1 8] Therefore, it is an object of the invention to provide an apparatus 
that overcomes or ameliorates the described deficiencies in the prior art. 

[Para 1 9] BRIEF DESCRIPTION OF THE DRAWINGS 

The accompanying drawings, which are incorporated in and constitute a part 
of this specification, illustrate embodiments of the invention and, together 
with a general description of the invention given above, and the detailed 
description of the embodiments given below, serve to explain the principles of 
the invention. 

[Para 20] Figure 1 is an isometric schematic top view of a phase shifter 
module, with an adjustment linkage attached, according to a first embodiment 
of the invention. 

[Para 21 ] Figure 2a is a schematic top view of a printed circuit board (PCB) for 
the phase shifter module of Figure 1 . 

[Para 22] Figure 2b is a schematic top view of a PCB for an alternative 
embodiment of the phase shifter module. 

[Para 23] Figure 3 is an exploded isometric schematic top/side view of a 
phase shifter printed circuit board and wiper according to Figure 2. 

[Para 24] Figure 4 is a partially exploded isometric schematic top/side view of 
a phase shifter module according to figure 1 . 

[Para 25] Figure 5 is a partially exploded isometric schematic bottom/side 
view of a phase shifter module according to figure 1 . 
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[Para 26] Figure 6 is a partially exploded isometric schematic top/side view of 
a phase shifter module according to figure 1 , including linkage plate and link 
arm. 

[Para 27] Figure 7 is an isometric schematic partially cut-away view of a 
section of a panel array antenna. 

[Para 28] Figure 8 is a side view of Figure 7. 

[Para 29] Figure 9 is an isometric schematic view of the back side of a panel 
array antenna, with the radome, linkage, radiators and cabling omitted for 
clarity. 

[Para 30] Figure 1 0 is a front view of a panel array antenna, radome omitted 
for clarity. 



[Para 31] DETAILED DESCRIPTION 

The present invention addresses and resolves a multitude of the shortcomings 
of panel antennas for use in cellular communication systems and particularly 
those employing differential-type capacitive wiper phase shifter technology. As 
will be explained at length below, by making a number of changes in prior art 
approaches, radical improvements in cost and compactness of the phase 
shifter system and in the embodying panel antenna are achieved. 

[Para 32] Among the structural improvements leading to a variety of benefits 
and features is the use of a low cost dielectric substrate for the wiper and the 
use of conductive trace on the side of the wiper substrate facing the 
conductive arc and backplane. By this simple but completely previously 
overlooked inversion of the wiper substrate, the wiper body no longer must be 
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composed of microwave quality material which is extremely expensive and 
structurally very weak. Rather, the wiper body according to the invention is 
preferably composed of PCB material which is such a strong and stable 
structural material that the previously required supplementary supporting 
structures required to support the dielectric material and couple the wiper to a 
remote phase shifter adjustment linkage can be completely eliminated. 

[Para 33] The present design in its preferred implementations with integrated 
unitary linkage coupling are so compact in thickness (height above the 
backplane) that a number of phase shifters can be stacked in a ground- 
hugging profile. The ability to compactly stack the phase shifters without 
creating a visually offensive and wind-loading high radome makes the 
resulting antenna more compatible with municipal environmental demands 
and significantly reduces the bracketry and mechanical windloading supports 
for the antenna. 

[Para 34] The ability to create a low profile stack of phase shifters according 
to the present invention means that a single phase shifter assembly can be 
positioned centrally on the panel, greatly reducing the cabling required from 
the phase shifter system to the radiating elements. Additional cost savings 
result from the reducing the number of phase shifter assemblies that must by 
mounted and coupled to remote adjustment linkages. 

[Para 35] 

Details of the structures and techniques by which the objectives of the present 
invention may be realized are described in detail herein below. 

[Para 36] As shown in Figure 1 , a phase shifter module 1 0 according to a first 
embodiment of the invention has a significantly reduced mounting area 
requirement that enables central positioning of the phase shifter upon the rear 
surface of an antenna backplane, thereby minimizing the longest required 
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length of the signal cable(s) interconnecting the antenna radiator clusters with 
their respective phase shifter outputs. 

[Para 37] The phase shifter module 10 is formed in a stacked configuration 
comprising two main PCB(s) 1 3, each with an associated movable conductive 
component such as a wiper 1 6. The main PCB(s) 1 3 may be formed identically 
or modified to a specific electrical configuration by manipulating the various 
conductive traces thereon. As shown in figures 2a and 2b, a representative 
main PCB having a trace side 1 9 and a backplane side 21 has an input 24 
coupled to an input trace 27 on the trace side 1 9. The input trace 27 extends 
to a wiper junction 30 and a first transmission line 33 extending to a first 
output 36. The wiper junction 30 is formed proximate a PCB mounting hole 
39 through which the wiper 1 6 is rotatably coupled to the main PCB 1 3 via a 
fastener 43 extending through the PCB mounting hole 39 and a corresponding 
wiper mounting hole 46. 

[Para 38] A transmission line segment, for example a first arcuate trace 49 of 
the main PCB 1 3, also on the trace side 1 9, divides an electrical path between 
output trace(s) 51 leading to a second output 54 and a third output 57 
depending upon the position of the wiper 1 6 along the first arcuate trace 49. 
Similarly, a second arcuate trace 60 divides a second electrical path between 
output trace(s) 51 leading to a fourth output 61 and a fifth output 62 . Slot(s) 
63 may be formed in the main PCB edge(s) 65 proximate the input 24 and first 
through fifth output(s) 36, 54, 57, 61 , 62 operate as cable guides that partially 
support signal cables (not shown) connected with the phase shifter and 
increase the contact area for soldering between the backplane side 21 of the 
main PCB 1 3 and the outer conductor of each cable. Because the first and 
second arcuate trace(s) 49, 60 share a common arc center, the prior second 
wiper and associated common linkage components are eliminated and the 
overall surface area requirements for the main PCB(s) 1 3 significantly reduced. 
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[Para 39] As shown in figure 3, the wiper 1 6 is also formed from PCB 
substrate, with a linking trace 66 extending from the wiper mounting hole 46 
to a first trace arc 67 and a second trace arc 68. The wiper 1 6 is mounted with 
the linking trace 66 facing the main PCB 1 3. A non-conductive surface coating 
upon the face of the main PCB 1 3 and or the wiper 1 6 insulates the wiper 
linking trace 66 and associated trace arcs 67, 68 from the main PCB 1 3 traces. 
Both the thickness of the non-conductive surface coating and the dielectric 
properties thereof may be adjusted to achieve a desired capacitive coupling 
between the linking trace 66 and associated main PCB 1 3 traces. 

[Para 40] Narrowing and or widening of the thickness or height of each input 
trace(s) 27, various interconnecting transmission line(s) and the wiper linking 
trace 66 may be selected to operate as a power divider whereby a desired 
power distribution occurs between the input 24 and the first through fifth 
outputs 36, 54, 57, 61 , 62. Further power division may also be incorporated 
between the second and third outputs 54, 57 and or between the fourth and 
fifth outputs 61 , 62 by incorporating further relative thickness or height 
adjustments to the respective output trace(s) 51 . Also, a pre-configured phase 
adjustment for a specific output may be applied by extending one or another 
of the output trace(s) 51 relative to the other(s). 

[Para 41] Configuring the linking trace 66 to face the main PCB 1 3 according 
to the invention has several advantages. First, in a microstrip configuration it is 
well known that the majority of energy is confined to the area between the 
conductors. Since the linking trace 66 is between the first and second arcuate 
traces 49, 60 and common ground plane of the backplane side 21 on one side 
and the wiper 1 6 substrate on the other, only a small percentage of the energy 
travels through the wiper substrate. This makes the loss and dielectric 
constant parameters of the wiper 16 substrate unimportant, allowing low-cost 
high-strength standard materials such as epoxy glass PCB substrate to be 
used. To minimize IMD, the linking trace 66, first trace arc 67 and second 
trace arc 68 can be separated from the first and second arcuate traces 49, 60 

Page 10 of 38 



by applying a non-conductive conformal coating upon either one or both of 
the first and second arcuate traces 49,60 and or the linking trace 66 of the 
wiper 1 6. This can be done very cost-effectively, for example, by using a 
material commonly employed in the PCB industry. An example material is 
soldermask or other conformal coating, which can be applied by silkscreening 
and then curing with UV light as the PCB(s) are fabricated. Thereby, the need 
for the assembly plant to add insulating tapes or shim layers while assembling 
the phase shifter module 1 0 is eliminated which are slow and costly to apply, 
are subject to damage, and are subject to high material costs. 

[Para 42] Another example of a class of acceptable materials are organics 
such as Humiseal 1B73, available from the Humiseal Division of Chase Corp, 
Pittsburgh Pa., which evaporate when exposed to the heat of molten solder 
and can be applied inexpensively by dipping, spraying, or other liquid coating 
processes. The conformal coating may be a plastic material into which the 
wiper may be dipped or with which the wiper may be covered. In yet another 
implementation of the invention, the wiper may be metal with a conformal 
coating on the side facing the conductive arc or enveloping the wiper. In this 
novel use of a metal wiper, the structural benefits of the use of a metal wiper 
are exploited. 

[Para 43] Once a standard substrate such as PCB rather than microwave- 
quality substrate is applied, it becomes cost effective to extend the wiper 1 6 
substrate as necessary to integrate the linkage connector functionality. 
Another benefit of integrating the linkage functionality is that it allows 
maximum minimization of the phase shifter thickness. If the wiper 16 
substrate were microwave-quality then additional layers would be needed for 
linkage elements or elements providing mechanical support. This 
configuration also improves upon airline embodiments where the tolerance 
stack of the airline spacers requires a larger ground-plane-to-airline spacing 
to be used (typically 0.1 3" versus 0.06" for substrates). In addition the 
radiation from an airline structure often requires the use of a stripline 
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configuration in which there are two ground planes on either side of the 
airlines, again increasing the thickness and relative complexity of the resulting 
phase shifter structures. 

[Para 44] The overall number of discrete components required and the end to 
end dimension of the phase shifter module may be minimized, for example, by 
forming an arcuate (about the wiper mounting hole) edge guide surface 69 on 
the main PCB 1 3. A, for example, "C", "M" or "W" shaped clip 71 may be used 
to hold each wiper 1 6 against its respective main PCB 1 3 as the clip 71 moves 
along the arcuate edge guide surface 69. Coupling hole(s) 73 formed in the 
wiper 16 and corresponding coupling protrusion(s) 75 of the clip 71 may be 
used to securely snap-on couple the clip 71 to the wiper 1 6 without requiring 
a separate fastener. A series of position hole(s) 77 proximate the arcuate edge 
guide surface 69 and a detent pin 79 on the wiper 1 6, adapted to key into 
each position hole 77 along the wiper 16 path, may be used to provide a snap- 
into-place detenting feedback to the desired linkage system, to positively 
indicate when each incremental step of wiper 16 travel has been reached. 

[Para 45] Alternatively, as shown for example in figure 2b, an arcuate (about 
the mounting hole) guide slot 81 may be applied to the main PCB 1 3 as a 
guide means for the distal end of the wiper 1 6. A guide fastener 83 between 
the guide slot 81 and a guide hole 85 formed in the wiper 1 6 may be used to 
fix the wiper 1 6 in a desired position along the first and second arcuate 
trace(s) 49, 60 and or ensure that the distal end of the wiper 1 6 is biased 
towards the main PCB 1 3 so that the level of capacitive coupling is constant. 

[Para 46] Stand-off(s) 87 may be applied to provide a secure mounting point 
for each main PCB 1 3 as well as to partially shield the phase shifter module 1 0 
from electrical interference / radiation. As shown in figures 4-10, multiple 
phase shifter module(s) 1 0 may be stacked one upon the other via the 
standoff(s) 87, for example upon post(s) 89 fixed to a mounting plate 91 or 
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the like. While the present phase shifter module 1 0 embodiment 
demonstrates a two input and ten output configuration useful for a dual 
polarized multiple radiator antenna array, additional main PCB(s) 1 3 may be 
similarly stacked one upon the other as needed to achieve other 
configurations. 

[Para 47] In use, as shown for example by figures 7-10, the phase shifter 
module(s) 1 0 may be incorporated into a panel antenna 90 as part of a feed 
network connecting an input signal to an array of radiator(s) 94. The phase 
shifter module(s) 1 0 may be mounted to the backplane or shield 88 and a 
surrounding radome 92 environmentally seals the panel antenna 90. 

[Para 48] Because the main PCB(s) 1 3 are stacked one upon the other, 
preferably oriented with their wiper mounting hole(s) 46 co-axial, a simplified 
linkage arrangement 93 that operates each wiper 1 6 in unison may be applied. 
As shown, for example, in figure 6, the linkage arrangement 93 may comprise 
a linkage pin 95 extending between linkage hole(s) 96 proximate a distal end 
of each wiper 1 6 and or clip 71 to link the wiper(s) 1 6 together and also 
engage a linkage slot 97 formed in the link plate 98 of a link arm 99 movable 
to position each wiper as desired along its range of movement. 

[Para 49] Alternatively, as shown for example by figure 2b, the wiper 1 6 may 
be extended and the linkage hole 96 replaced with a linkage slot 97 formed in 
the distal end of the wiper 1 6, eliminating the need for the link plate 98. 

[Para 50] The embodiment(s) shown in Figures 1 -1 0 demonstrate 
configurations where the trace side(s) 1 9 of each main PCB 1 3 are facing the 
mounting surface. Alternatively, each main PCB 1 3 pair may be arranged 
backplane side 21 to backplane side 21 , further simplifying the fastener 43 
and linkage arrangement(s) 93. 
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[Para 51] The present invention brings to the art a cost effective phase shifter 
module 1 0 with minimal space requirements. Providing the printed circuit 
boards with dual arcuate traces having a common arc center reduces PCB 
substrate materials requirements, eliminates two wiper assemblies and 
simplifies the mechanical linkage. Adapting the wiper(s) to have the linking 
trace thereon facing the main PCB eliminates the prior requirement for forming 
the wiper using a specialized, expensive, substrate with particular dielectric 
qualities. The reduced size of the phase shifter module, overall, enables a 
more centralized positioning of the phase shifter upon an antenna back plane 
allowing shortening of the worst case length to which each of the signal cables 
is dimensioned for extending to each radiator cluster. Because the linkage 
requirements are simplified, the overall thickness or height of the antenna is 
not significantly increased, even though the printed circuit boards are stacked 
upon each other. 

[Para 52] Other variations and modifications of the described invention 
implementations will be described. For example, with the wiper conductive 
component on the bottom of the wiper facing the conductive arc and phase 
shifter backplane, air may be used as the dielectric material. Air is a very 
inexpensive and satisfactory dielectric, however, shims or other techniques will 
be required to assure a precise and uniform spacing of the wiper conductor 
and conductive arc and the thickness of the phase shifter will be greater than 
is the case if a dielectric is employed having a higher dielectric constant. 
Further, the conductive arc could be configured as an airline, but at a sacrifice 
of compactness in the height of the phase shifter and the embodying antenna. 
Whereas in the preferred executions of the invention, a pivoted wiper 
traversing a circular conductive arc transmission line is employed, one skilled 
in the art will understand that the principles of the invention can be utilized in 
arrangements where the wiper is moved linearly, or along a curved path other 
than a segment of a circle. 
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[Para 53] One skilled in the art will recognize that the present invention is not 
limited to use mounted upon base station antennas as described in the 
exemplary embodiment(s) presented. Phase shifters may be applied in 
numerous other applications where the manufacturing efficiencies and overall 
size reduction realized via the present invention may be appreciated. 
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[Para 55] Where in the foregoing description reference has been made to 
ratios, integers, components or modules having known equivalents then such 
equivalents are herein incorporated as if individually set forth. 

[Para 56] While the present invention has been illustrated by the description 
of the embodiments thereof, and while the embodiments have been described 
in considerable detail, it is not the intention of the applicant to restrict or in 
anyway limit the scope of the appended claims to such detail. Additional 
advantages and modifications will readily appear to those skilled in the art. 
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Therefore, the invention in its broader aspects is not limited to the specific 
details, representative apparatus, methods, and illustrative examples shown 
and described. Accordingly, departures may be made from such details 
without departure from the spirit or scope of applicant's general inventive 
concept. Further, it is to be appreciated that improvements and/or 
modifications may be made thereto without departing from the scope or spirit 
of the present invention as defined by the following claims. 
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